Most of the commercially available oxygen electrodes give a lower value of Po 2 for blood than for the gas with which it has been equilibrated. This systematic error, termed "the blood gas factor", has been determined for three different makes of oxygen electrode. The range of mean blood gas factors for the Radiometer system was found to be 1.8%-5.7% and for the Electronic Instruments Limited system it was 3.6%-5.0%. However, the system manufactured by Instrumentation Laboratory (UK) showed a difference of less than 1.2% between the blood and the gas readings over most of the working range. At Po 2 values of 150 mm Hg and below, this difference was not statistically significant.
Most of the commercially available oxygen electrodes give a lower value of Po 2 for blood than for the gas with which it has been equilibrated. This systematic error, termed "the blood gas factor", has been determined for three different makes of oxygen electrode. The range of mean blood gas factors for the Radiometer system was found to be 1.8%-5.7% and for the Electronic Instruments Limited system it was 3.6%-5.0%. However, the system manufactured by Instrumentation Laboratory (UK) showed a difference of less than 1.2% between the blood and the gas readings over most of the working range. At Po 2 values of 150 mm Hg and below, this difference was not statistically significant.
Continued modification and miniaturization of polarographic systems for blood oxygen tension measurement has extended their clinical and research applications. However, a variety of potential errors exists in all systems. One which is particularly important in the measurement of Po 2 is the effect of the measuring process on the quantity being measured. The polarographic Po 2 electrode system consumes oxygen to produce a change in the flow of electrical current. Thus, the amount of oxygen in the medium on which the Po 2 determination is being performed is necessarily altered by the measuring process (Schuler and Kreuzer, 1967) . The amount of oxygen consumed is usually small in relation to the amount in the medium (e.g., a sample of blood) but the estimated Po 2 of blood or other liquids measured with a polarographic electrode is usually less than that of a gas mixture of the same Po 2 (Bishop, 1960; Polgar and Forster, 1960; Severinghaus, 1962; Silver, 1963) . This "blood gas factor" is often attributed to oxygen tension gradients developed within the blood or liquid sample in the cuvette, the tension being lowest adjacent to the membrane overlying the cathode (Polgar and Forster, 1960) . Such gradient formation assumes particular significance when gases, which do not show a diffusion gradient to the same extent, are employed in electrode calibration.
The manufacturers of the IL313 blood gas analyser electrode system for the measurement of Po 2 claim an almost negligible blood gas factor. This analyser uses an automatic sampling device. A peristaltic pump draws the sample into the cuvette, and it is thought that further slight expansion of the tubing of the pump creates a small pressure gradient which causes slow movement of blood through the cuvette during the measurement period, after the sample for analysis has been introduced.
The purpose of the work described in this paper was to compare the IL oxygen electrode system with two other electrodes for the measurement of Po,.
METHODS

Determination of the blood gas factor.
The blood gas factor was determined using three different makes of oxygen electrode with associated equipment, namely, the Radiometer, Instrumentation Laboratory and Electronic Instruments systems (Radiometer AS, Copenhagen, Denmark; Instrumentation Laboratory (UK) Ltd, Altrincham, Cheshire; Electronic Instruments Ltd, Richmond, Surrey, respectively). The Radiometer system consisted of the E5046 oxygen electrode housed in a cell type D616 served by a VTS13 water bath with thermostat. The output of the electrode was read on a PHM27GM meter. The diameter of the platinum cathode of the electrode is stated to be 20 iJ.m and the polypropylene membrane provided by the manufacturers was used and found to have a thickness of 23 jxra. The Instrumentation Laboratory model 313 is the recently developed semi-automatic system. The platinum cathode of the oxygen electrode is stated to be 25 /*m in diameter and the polypropylene membrane provided by the manufacturers was used and found to have a thickness of 25 /un. The EIL electrode was incorporated in the 48C blood gas analyser. The cathode diameter is stated to be 25 /on and the polypropylene membrane supplied was found to have a thickness of 22 yum.
Potassium chloride buffered with phosphate was used as the electrolyte in all the electrode systems. This minimizes the interfering effects on the oxygen tension measurement of any carbon dioxide present in the sample. The polarizing voltage applied to all three systems was 0.6 V.
Three-ml aliquots of fresh heparinized human venous blood were equilibrated for 10 minutes with each of five gases containing oxygen concentrations varying from 4% to 95% at flow rates of 300 ml/ min, in an IL237 thin film tonometer which has recently been evaluated (Chalmers, Bird and Whitwam, 1974) . The temperature of each measuring system and the tonometer was carefully maintained at 37±0.1°C. The electrodes were calibrated with humidified gas as recommended by the manufacturers. The oxygen concentrations of the gas mixtures were analysed in a Lloyd-Haldane apparatus and the tensions calculated using the barometric pressure relevant to each period of measurement.
After each equilibration of blood and gas in the tonometer, the Po 2 of the blood and the gas phase was measured using each electrode system.
RESULTS
The results of Po 2 measurement in blood and gas phases for all three electrode systems are summarized in table I. The Radiometer system showed a mean difference in Po 2 between the equilibrated blood and gas phases of 4% (1.8-5.7%) over the range studied. The Electronic Instruments Ltd system had a mean Po 2 difference between gas and blood of 4.4% (3.6%-5.0%). However, the Instrumentation Laboratory (UK) system showed a much smaller blood gas factor with a mean Po 2 difference between blood and gas of only 0.6% (0-1.2%). The Po, values for blood equilibrated with a gas containing 20% oxygen or less was not statistically different from the corresponding Po 2 readings in the gas phase (P=1.0). Thus, with the IL electrode system, the small blood gas factor was not statistically significant when the Po, was approximately 150 mm Hg or less, and was within the measurement error of the electrode system.
DISCUSSION
There have been several attempts to limit the error in Po, measurement resulting from oxygen consumption at the cathode and the consequent oxygen gradients produced in the cuvette. Most of these have relied upon the principle that the gradients found in static samples are diminished in stirred or flowing fluids (Hersch, 1964) . Severinghaus and Bradley (1958) employed a device for causing movement of the blood within the cuvette and many other workers have also developed methods for stirring or oscillating the liquid contents of a cuvette.
Another approach has been the use of liquids for calibration of the oxygen electrode system. It has been suggested that a 30% glycerol solution in water, equilibrated with a known oxygen tension, should be used in the calibration procedure (Hulands, Nunn and Paterson, 1970) . However, this method only removes the difference between the calibrating medium and the blood. The true value is still the gas phase used for equilibration of the glycerol-and-water solution determined from Haldane analysis and the barometric pressure. Thus this method does not remove the systematic error between the calibrating gas and the value which the electrode measures from a liquid.
The design of miniaturized cathodes has greatly reduced the amount of oxygen consumed during measurement (Silver, 1963) and these systems might be expected to have a smaller blood gas factor.
The characteristics of the membrane also contribute to the blood gas factor (Polgar and Forster, 1960) . Polypropylene is now the most commonly recommended membrane having a smaller blood gas factor than Teflon and polyethylene, although the sensitivity of the electrode is reduced (Moran, Kettel and Cugell, 1966; Rhodes and Moser, 1966) . For a given membrane material, the factor varies inversely as the thickness of the membrane.
The present study has shown that there is a marked reduction in the blood gas factor over the whole Po, range of the IL313 blood gas system. This is in contrast to the Radiometer and EIL systems which exhibit mean factors of 4.0% and 4.4% respectively and which did not vary greatly over the range studied. In comparing the three systems, the membrane material was of similar composition and thickness, and the cathode diameters were also similar. Other studies (Adams and Morgan-Hughes, 1967 ) have shown that a previous IL model 113-Sl had a blood gas factor comparable with that found with the other two systems in this study.
The presence of a difference in current output from an oxygen electrode between liquid and gas phases requires a correction factor to be applied to the indicated Po, of the liquid. The development of a system which minimizes such a systematic error provides a considerable improvement in the accuracy of blood oxygen tension measurement.
The results of the present study suggest that for the IL313 electrode system, using automatic sampling, when the Po 2 was less than 150 mm Hg the blood gas factor was within the measurement error of the system and could be ignored. This was also true of the Radiometer system for Po 2 values of 30 mm Hg or less, whilst the EIL system had a significant factor over the range of values studied. Firstly, I believe that the two episodes of pyrexia 22 hours after the administration of the trimeprazine, when the degree of muscle relaxation was lessened, could be a normal response of heat production by shivering due to surface cooling rather than a continuation of the malignant hyperpyrexia.
Secondly, I would suggest that in a patient with malignant hyperpyrexia there is such circulatory disturbance, hypoxia and acidaemia, that cerebral oedema and raised intercranial pressure would occur. I believe that as weil as treating abnormalities of the circulation, hypoxia and acidaemia, we should also treat probable cerebral oedema and raised intracranial pressure with steroids and osmotic diuretics as the initial part of treatment.
Lastly, most reports of malignant hyperpyrexia show that the trigger of the reaction is an anaesthetic agent. Anaesthetists are now fairly well informed on this subject. However, I do not believe that other specialists are aware of malignant hyperpyrexia. As trimeprazine is a widely used drug in paediatric procedures, should we not alert our colleagues of the possibility that other cases caused by trimeprazine may occur?
I. MCLELLAN
Carshalton, Surrey
OBSTRUCTION TO ENDOTRACHEAL TUBES
Sir,-Reports of obstruction to endotracheal tubes are published frequently. Unusual features are sometimes encountered. A case is described involving a potentially dangerous technique used for the temporary addition of oxygen to an endotracheal tube.
A 59-year-old man, employed as an engineering inspector, was admitted to the Department of Urology, United Sheffield Hospitals, where a diagnosis of hydronephrosis with multiple stones was made. There was nothing of note in his previous medical history and examination revealed nothing abnormal except his renal condition.
A nephrolithotomy was performed and the patient's immediate postoperative course was uneventful. However, 12 hours after operation the patient became deeply unconscious and a diagnosis of brain stem thrombosis was made. In order to protect the patient's airway a cuffed Portex endotracheal tube was introduced. Humidified air and additional oxygen were added via a T-piece.
Two days later the patient's condition had not changed and he was transferred to the Department of Neurosurgery in order that an electroencephalogram could be performed. During transport between these two departments, a distance of approximately 1 mile, an "M-C" oxygen mask was placed over the endotracheal tube to facilitate addition of oxygen.
Twelve hours later it was noticed that the patient's right hemithorax had ceased to expand. Chest X-ray confirmed complete collapse of the right hemithorax and also that the endotracheal tube had remained in the trachea. Bronchoscopy was performed. When the endotracheal tube was examined, however, a piece of foam rubber, hardened with inspissated sputum, was almost completely blocking the end.
The lung had completely re-expanded in a further 18 hours but unfortunately the patient died 2 days later. Post-mortem examination confirmed the clinical diagnosis of brain stem thrombosis.
Closer examination of the piece of foam rubber found occluding the endotracheal tube ( fig. 1) showed it to be identical to that used in the construction of an "M-C" mask. It might be concluded that a piece of the "M-C" mask became detached and entered the endotracheal tube causing almost complete occlusion.
I would like to thank Mr J. L. Williams, F.R.C.S., and Dr D. S. Robertson, F.F.A.RX.S. for their permission to publish this case.
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